Background: The Belgian HIV epidemic is largely concentrated among men who have sex with men and Sub-Saharan Africans. We studied the continuum of HIV care of those diagnosed with HIV living in Belgium and its associated factors. 
Background
The use of ART (antiretroviral therapy) in HIV-infected patients has shown its efficiency not only in improving the individual outcomes of patients but also in reducing the transmission of HIV [1] [2] [3] . A persisting challenge of the HIV epidemic is reaching the highest proportion of overall viral suppression among people living with HIV (PLHIV) in order to impact HIV transmission [3, 4] .
In Belgium the epidemic is largely concentrated among men who have sex with men (MSM) -mainly of Belgian or European nationality -and Sub-Saharan African (SSA) men and women. The number of annual new HIV diagnoses increased by half between 1997 and 2003 and has since remained stable at 1000 to 1200 new cases per year [5] . The number of PLHIV has steadily increased since introduction of ART. Recent surveys conducted in two large Belgian cities have shown an HIV prevalence among MSM ranging from 6 [6] to 12 % (C. Noestlinger, personnal communication, March 2015) . In a survey among SSA migrants in Antwerp, HIV prevalences of 3 % in men and 6 % in women were found [7] .
Services for HIV testing in Belgium are available either in primary care, secondary care (specialized outpatient clinics), hospitals and decentralized projects. Three Aids Reference Centers (ARC) are funded to perform low threshold and free anonymous testing. Outreach programs are set up to better target HIV high risk groups. These programs are organized by the ARCs or through a collaborative effort with NGOs working with the specific target population. Compared to other European countries [8] , Belgium has a high and relatively stable rate of HIV testing, with a total of 695.433 HIV tests performed (62 per 1000 inhabitants) in 2013.
Access to HIV care in Belgium is, in principle, ensured to all HIV-infected individuals through the compulsory national health insurance. Antiretroviral therapy is reimbursed when a patient's CD4 count is below or equal to 500 cells/mm 3 or below 25 % and in case of clinical symptoms. There is no national guideline for HIV care, clinicians follow the guidelines of the European AIDS Clinical Society for clinical and laboratory monitoring [9] . Undocumented migrants may access care through a procedure called urgent medical help [10] . Nevertheless, the key populations in the Belgian HIV epidemic, MSM and migrants, differ in socio-demographic characteristics such as nationality, migrant status and social context which may influence their access to HIV testing and care.
In order to reach the best outcomes for HIV-infected individuals and potentially reduce HIV transmission, a continuum of HIV care services needs to be ensured. The HIV care cascade is an illustration of the continuum of HIV care built on estimates of the size of the HIVinfected population at different stages: infection, diagnosis, linkage to care, retention in care, ART uptake and viral load suppression. This approach allows pinpointing possible attrition along the continuum of care and may help to compare and prioritize prevention and care strategies [3] . These results also inform on the potential for domestic transmission of HIV through the estimation of the HIV-infected population without suppressed VL residing in the country. Several countries have already reported their domestic HIV care cascade [11] [12] [13] [14] . These were built on available national surveillance data and survey results combined with estimates obtained by mathematical data modelling.
In this study, we estimated the proportion in each stage of the continuum of HIV care in Belgium among diagnosed PLHIV and analysed factors associated with attrition at each respective stage.
Methods

Data sources and setting
Estimates of the continuum of care from HIV diagnosis to undetectable viral load (VL) were calculated by analysing combined data from two surveillance systems managed by the Scientific Institute of Public Health (WIV-ISP): the registry of new HIV diagnoses and the Belgian HIV Cohort. The national registry of new HIV diagnoses [5] records all newly diagnosed confirmed HIV cases based on exhaustive reporting by the Belgian AIDS Reference Laboratories (ARLs). The Belgian HIV Cohort study [15] collects data on HIV-infected patients in care including data on viral load measurements recorded by the ARLs and CD4 counts and ART data recorded by the ARCs from 2007 onwards. All HIVinfected patients in medical care in Belgium have their VL analysed in the ARLs and around 75-80 % of patients have been followed in the ARCs in recent years. The WIV-ISP is the legal entity in charge of the HIV and AIDS surveillance activities (Royal decree of 8 October 1996) . The HIV surveillance system was approved by the ethical committee of Ghent University hospital and authorized by the Privacy Commission. Strict attention to confidentiality is present at every stage of data collection, analysis and storage.
Definitions
Proportions in each stage of the continuum of HIV care were estimated using the following definitions.
Linkage to HIV care was defined as having at least one VL or CD4 count recorded within 1 year of HIV diagnosis, with a window of 7 days for VL records to prevent incorrectly counting VL measurements performed at the time of diagnosis as initial HIV care visit.
Retention in HIV care was defined as the proportion of patients in care in 2010, those having one CD4 or VL measurement during that year, who had at least one record of CD4 or VL in 2011.
Proportions of patients on ART and with suppressed VL were measured among those in care in the ARCs in 2011. ART was defined as a record of ART prescription at the end of 2011. Suppressed VL was defined as the last measured VL <50 copies/mL.
Continuum of HIV care
Proportions calculated for each stage of the continuum of HIV care were combined to obtain the distribution of the diagnosed HIV individuals living in Belgium in 2011 by stage of the continuum.
The total diagnosed HIV population living in Belgium was obtained by summing the estimated population retained in care in 2011 with the estimated number of HIV-positive persons diagnosed but not linked to care in 2011 and the estimated number of persons previously in HIV care but not retained in care in 2011. The distribution of the diagnosed HIV population through the stages of the continuum of care is schematized in Fig. 1 .
Using 2007 data, we first estimated the proportion of patients that entered in care later than 1 year after diagnosis. We then applied this proportion of late entry into care to patients diagnosed in the years following 2007 to obtain an estimate of the total number of patients entering late in care. From this total we subtracted those who entered in care before the end of 2011 in order to obtain the estimated number of diagnosed patients not linked to care and expected to enter in care after 2011.
Next we estimated for the patients in care in 2007 and not retained in care after 1 year, the proportion who reentered care later. Using a similar computation, the number of patients entering back in care was calculated for the years following 2007. From the cumulative total, we subtracted patients already re-entered in care by the end of 2011 in order to obtain the estimated number of patients not retained in care and expected to re-enter care after 2011.
Patients estimated to never enter or re-enter care were considered as having left the country. We also hypothesised that persons diagnosed before 2007 were not expected to enter in care after 2011.
The next stages of the continuum of HIV care were estimated by applying the proportions of patients on ART and with VL suppression to the population in HIV care in 2011.
Data management and statistics
Databases were merged using a unique patient identifier. Identification of duplicate patient records was performed by comparing the following set of variables: gender, initials, date of birth, date of HIV diagnosis, presumed mode of transmission, nationality, place of residence and laboratory results.
Socio-demographic factors, time period since diagnosis and CD4 count at first medical consultation (±31 days) were analysed for association with each stage of the continuum of HIV care by multivariate logistic regression. Analyses were performed with Stata 10.1.
Results
A total of 4117 individuals diagnosed with HIV between 2007 and 2010 were analysed for entry in care. Of 11,781 patients in care in 2010, 112 patients died before end of 2011, leaving 11,669 patients analysed for retention in care. ART uptake and VL levels were analysed for 9710 patients in care in the ARCs in 2011. Newly diagnosed individuals and patients in care shared the following similar socio-demographic characteristics (Table 1) . Around two thirds were men and median age at diagnosis was approximately 35 years. Probable acquisition of HIV by sexual transmission was reported by more than 90 % of the patients with available information. Nearly half of the patients with reported nationality were Belgians and one third originated from countries in Sub-Saharan Africa.
Among in care in the ARCs, 84.6 % were receiving ART, of whom 83.4 % were virally undetectable.
Factors associated with entry, time to entry and retention in care
Univariate analyses show that entry and retention in care were lower among women and non-Belgians and higher among MSM (Table 2) . Patients infected through injecting drug use (IDU) had lower retention in care. After adjustment for sex, age at diagnosis, nationality and mode of transmission, entry and retention in care remained lower among non-Belgians, retention was still higher among MSM and lower among IDU. Individuals tested for preoperative reasons had lower entry in care, they represented only 2.6 % of those with available data on reasons for testing, and presented significantly longer delay between diagnosis and entry in care than patients with all other reasons for testing (median time: 32 vs 14 days, p < 0.001). Linkage to care within 3 months of diagnosis was slightly lower among non-Belgians than Belgians (respectively 88.2 and 90.5 %; p = 0.049). Longer time period since HIV diagnosis and ART uptake were both independently associated with higher retention in care.
Factors associated with ART uptake and viral suppression among those on ART Univariate analyses show that, younger age was associated with lower ART uptake and less viral suppression on ART, MSM had lower ART uptake and more viral suppression, those diagnosed for longer had higher ART uptake and higher VL suppression. Patients diagnosed for clinical reasons and with lower CD4 count at first contact had higher ART uptake. Sub-Saharan African patients on ART had less VL suppression (Table 3) .
Multivariate analyses show that younger age remained associated with lower ART uptake and less VL suppression. HIV testing requested for clinical reasons and lower CD4 count at first contact remained associated with higher ART uptake and Sub-Saharan African nationality with less VL suppression. Those with longer time from diagnosis had higher ART uptake and more frequent VL suppression. Multivariate analyses on ART uptake were adjusted for CD4 count at first medical Re-entry in care among patients not retained in care for 1 year after 2007 was estimated at 39.5 %. By applying this proportion of re-entry to the patients not retained in care in the following years and then subtracting those already re-entered in care, we estimated that 940 persons were expected to re-enter in care after 2011 (see detailed computation in Additional file 1).
After combining these results, the population of diagnosed HIV patients living in Belgium at the end of 2011 (n = 12,639) was distributed as follows: 11,478 patients (90.8 %) were estimated to be retained in HIV care, 221 (1.8 %) were not linked to HIV care and 940 (7.4 %) were not retained in HIV care.
The estimated proportions of 84.6 % of patients in care on ART of whom 83.4 % of patients with viral suppression were applied to the population in HIV care in 2011 (n = 12,449). We estimated 83.3 % (n = 10,532) of the diagnosed HIV population living in Belgium to be on ART and 69.5 % (n = 8784) to have suppressed VL.
The continuum of HIV care of the diagnosed HIV patients living in Belgium is illustrated in Fig. 3 .
Discussion
The continuum of HIV care in Belgium presents low attrition rates over all stages of care with 69 % of all HIV diagnosed individuals in Belgium having an undetectable viral load.
HIV care leans on well-organized specialized structures, the ARLs and the ARCs, that offer access to comprehensive care including free psycho-social support, counselling and fully reimbursed antiretroviral therapy. In addition, these specialized structures have developed collaborations with prevention and testing associations that contribute to a more efficient linkage to HIV care.
Vulnerable populations such as non-Belgians and IDU present lower entry and retention in HIV care but, once retention in care is ensured, their access to ART are similar to other HIV-infected individuals. Yet, poorer virological outcome was observed among SSA migrants. Similar findings for lower entry and retention of these populations are reported in other European studies [13, 16, 17] , and lower ART uptake or viral suppression among migrants was observed in Spain [18] , UK [19] and France [20] . IDU represent only 2.5 % of the HIVinfected patients in care in Belgium with a sustained low HIV transmission reported over the last years [5] due to accessible harm reduction programs. The limited number of IDUs enables more intensive follow-up and counselling to prevent comorbidities and onward HIV transmission by unsafe injecting practices.
Additionally, more frequent delayed diagnoses observed in these two populations (migrants and IDUs) worsen the poorer outcomes observed along the continuum of care [5, 21] . For migrants whose infection was acquired in their country of origin, the diagnosis delay may precede the arrival in Belgium.
Migrants' lower entry and retention in HIV care may be due to emigration after HIV diagnosis or barriers to access care for those remaining in Belgium. Attrition is similar between Europeans and non-Europeans, but consequences of emigration out of Belgium in terms of access and continuum of care greatly differ. While West-Europeans have reliable access to care in their country of origin, this may not be true for East-European and non-European migrants. In fact, reported ART coverage among those in need of ART in numerous nonEuropean or East-European countries was below 50 % in 2012 [22] and potentially even lower for stigmatized populations like MSM and IDU. This study does not allow differentiation between documented and undocumented migrants although it is mainly undocumented migrants that face disproportionate barriers to medical care [10] . The HIV epidemic in Europe is influenced by its evolution in other countries through travel and migration [23] . The continuum of care for this mobile population could be improved by developing cross-border and national tools to facilitate adequate and individual-tailored care of the migrant population diagnosed with HIV in Belgium.
The results also underline a gap in linkage to care among patients diagnosed for pre-operative reasons due to longer delay between initial diagnosis and entry in care. Timely communication of HIV diagnosis to the patient in specific settings like pre-operative testing would be facilitated by training of caregivers on sexual health counselling and HIV screening. These interventions are part of the recommendations of the Belgian National HIV plan that has been launched in 2013 [24] .
Factors impacting ART uptake and VL suppression were logical indicators of the clinico-immunological situation of the patient: duration since HIV diagnosis, older age with associated co-morbidity, HIV diagnosis for clinical reason and low CD4 count. None of the socio-demographic factors studied impacted ART uptake and VL suppression, except the SSA nationality that was associated with lower VL suppression, although the difference with Belgians was small. These results suggest that ARV treatment needs are equally covered for all patients having access to regular HIV care. Suboptimal ART adherence potentially related to socio-economic factors [18] might explain the slightly lower VL suppression among SSA. Other reasons for non VL suppression might be ARV resistance or recent ART initiation at the time of VL measurement but this information was not collected.
Patients on ART have a higher retention in care as also observed in another cohort [17] .
The attrition observed along the continuum of HIV care should not be interpreted globally but according to the stage at which it occurs. Indeed, its consequences, both in terms of individual prognosis and potential for HIV transmission are different in early and late stages of the continuum of care. In the early stages of the continuum, HIV-infected individuals who are not diagnosed, not linked or not retained in care have a higher risk of delay in ART initiation, complications and co-morbidities and have no access to regular psycho-social support and counselling. Hence, attrition in the early stages is associated with a higher likelihood of unfavourable clinical evolution and onward transmission [25] . In the late stages of the continuum, patients retained in regular HIV care in Belgium have access to counselling services and timely ART initiation based on their viro-immunological status and their presumed need for ART to prevent transmission. Those untreated or presenting detectable VL among this carefully monitored population are considered as lost in the late stages of the continuum of care according to the cascade analysis definition. Yet, the likelihood of them causing onward transmission or having an unfavourable clinical evolution is lower than among the population lost in the early stages of the continuum [26] .
In other European cascades of HIV care, reported proportions of VL suppression among those diagnosed with HIV ranged from 70 % (<500 copies/mL) in Sweden and Denmark in 2010 [13] , 72 % (<50 copies/mL) in UK in 2011 [12] and 64 % (<50 copies/mL) in France in 2010 [14] . Given the various definitions used for the study population and for each stage of the continuum of care, international comparison is difficult. Nevertheless Belgian results are close to previously reported European proportions while differing strongly from the recently reported proportion of 35 % of those diagnosed achieving viral suppression (<200 copies/mL) in the United States in 2011 [11] .
The UNAIDS has recently published global targets of 90 % of PLHIV knowing their status, 90 % of those receiving ART and 90 % of those having suppressed VL by 2020 [27] . The results presented here show that Belgium is not yet fulfilling these targets. With the recent release of the results of the START study supporting added benefit of offering treatment to everyone with HIV [28] however, we may expect an increase in the proportion of patients on ART in the coming years. This might also increase the retention in HIV care among recently diagnosed patients, who will initiate ART immediately, as ART uptake was associated with higher retention in HIV care. Efforts should then concentrate on the diagnosis of persons unaware of their HIV infection in order to initiate their treatment earlier.
Our understanding of the continuum of HIV care is limited by the lack of precise national estimates of PLHIV unaware of their status. In Europe, 30 % of PLHIV were estimated to be unaware of their infection, with large variations between countries [23] . In Belgium, a local survey limited in sample size and geographical coverage, reported a proportion of undiagnosed HIVinfected MSM of 14 % in 2010 [8] . In the national STI sentinel network, the proportion of patients co-infected with HIV and STI ignoring their HIV status was 14 % in 2011 [29] . Among migrants newly diagnosed in 2013, 93 % of those with known date of arrival (70 %) came to Belgium in the 2 year period preceding the diagnosis in Belgium [30] , implying a limited period of residence in Belgium as undiagnosed. Based on these various sources of information, the proportion of undiagnosed PLHIV residing in Belgium is probably not higher than 20 %. This approximate estimate is similar to the proportions of 24 and 19 % found in UK and France respectively [14, 31, 32] . As those infected and remaining undiagnosed for long end up being diagnosed late, the similar proportion of late diagnoses in Belgium as compared to these two countries [8] , suggests that the pool of undiagnosed PLHIV in Belgium is not larger than in surrounding countries. When including this estimate in the continuum of care, the proportion of individuals with suppressed VL among all PLHIV residing in Belgium is estimated at 56 %. The proportion of 20 % of PLHIV unaware of their HIV infection could represent the weakest stage of the Belgian HIV care continuum. Given the low attrition observed along the subsequent steps of the continuum of HIV care, identifying the undiagnosed PLHIV could be the intervention with potentially the highest impact on transmission and patient prognosis in Belgium, this coincides with observations made in other countries such as UK, Canada and the US [25, 33] . A project aiming at estimating and characterizing undiagnosed HIV-infected populations by mathematical modelling of routine HIV surveillance data will be conducted in the coming years. These results will be used to target HIV testing to groups that require it the most. Among those undiagnosed, recently HIV-infected individuals appear to be disproportionately involved in onward HIV transmission, likely due to increased viral concentrations, higher viral fitness and more risky behaviour around time of HIV acquisition [2, 34] . In Belgium, the proportion of recently infected individuals among those diagnosed was estimated at 37.5 % in 2012 [35] , higher than in UK and France where it ranged from 22 to 30 % [14, 31, 32] . HIV testing strategies, tailored to identify those recently infected as well as those who have remained undiagnosed for long, should be maintained and expanded. Alternative decentralized testing strategies should be further developed along with interventions to reduce missed opportunities for earlier HIV diagnosis in medical settings.
There are some limitations in this study. The results do not inform on the outcomes of the patients after they have left the country. In addition, HIV-infected citizens of surrounding countries are also difficult to capture in the continuum of care as they might be diagnosed and followed in their own country whilst actively contributing to the local epidemic.
We used 2007 data to estimate the proportions of late entry and re-entry into HIV care as time of follow-up for these patients was at least 4 years. We assumed these proportions did not change over the next years and applied them to estimate the number of patients with late entry and with re-entry during the following years. However as linkage to care within 1 year improved slightly after 2007, the proportion of patients expected to enter late in HIV care in the following years might be lower. Hence the population of persons diagnosed and not linked to HIV care living in Belgium might be slightly overestimated based on the proportions estimated in 2007.
This analysis was strongly dependent of a good match between HIV diagnosis data and laboratory data through identifiers built on patients' date of birth and initials. Errors on these identifiers are not excluded but they are likely to represent a very low proportion of the entire dataset thanks to the thorough annual monitoring.
The analyses of the early stages of the continuum of care included all the individuals diagnosed with HIV and in care in Belgium. Only the analyses on ART coverage and VL suppression were restricted to the patients retained in care in the ARCs. The ARC population differed significantly from those outside of the ARCs for some characteristics such as gender (women: 36 % vs 42 %), nationality (Sub-Saharan Africans: 36 % vs 43 %; Belgians: 50 % vs 45 %), mode of transmission (MSM: 40 % vs 30 %; heterosexuals: 54 % vs 56 %) and median age (34 years vs 32 years). Given the small proportion of patients retained in care outside the ARCs (20 %) and age being the single characteristics associated with ART uptake and VL suppression, the estimates obtained from the ARC population could be used as estimates for the whole study population.
Information on age and sex was missing in less than 0.5 % of the cases, data on mode of transmission and nationality were missing for approximately 30 % of cases, and up to 60 % for those who never entered in care. The high proportion of missing information among the latter is foreseeable given their medical contact limited to the diagnosis consultation. Such cases included a majority of patients who emigrated after diagnosis as any other patient remaining in Belgium would end up entering in care, thus higher completeness of such data would probably reinforce the strong association observed between no entry and non-Belgian nationality.
